Comorbidity returns have continued to improve, albeit slowly, with centres running Mediqal software having the highest rates of completeness. Diabetes as a primary renal diagnosis accounted for 20% of those starting RRT, but a further 7% had diabetes present as a comorbid condition. The incidence of smoking remained high at 17% of diabetic patients, which was similar to that found in non-diabetics. Twelve percent of the patients starting RRT had a previous myocardial infarction (MI) and 31% of those aged over 65 years starting RRT had ischaemic heart disease (IHD). Patients starting on peritoneal dialysis (PD) were on average 9 years younger than those on haemodialysis (HD) and had fewer comorbidities present. Patients starting RRT without any comorbidity present had a lower median estimated glomerular filtration rate (eGFR) than those with comorbid conditions. Patients with a previous MI or coronary artery bypass grafting (CABG), started RRT with slightly higher mean haemoglobin than those without comorbid conditions or other comorbid conditions. On univariate survival analysis, diabetes was not associated with an increased risk of death amongst patients aged over 65 years, possibly due to its close association with other comorbidities in this age group. In the multivariate survival analysis, the presence of ischaemic/neuropathic ulcers was the predictor of worst survival, followed by malignancy, previous MI and age per 10 year increment. Smoking was less common in both South Asian and black patients than whites (7 vs 17%) starting RRT. Twenty-three percent of both South Asian and white patients started RRT with IHD compared with only 12% of Black patients.
Introduction
Description of the extent of comorbidity amongst patients starting treatment for established renal failure is important for a number of reasons.
(i) Patients with significant comorbidity may require more in-patient and out-patient care, and their treatment is therefore likely to cost more; information on comorbidity may therefore help commissioners and providers to plan services. (ii) Marked national and international variations in the take-on rate for renal replacement therapy (RRT) may partly be explained by differing policies and attitudes relating to provision of RRT to patients with significant comorbidity. These differences may result from differences in referral, differences in acceptance for RRT or both. Study of the outcomes of RRT amongst patients with and without comorbidity may help explain and reduce these variations. (iii) Comorbidity may influence survival amongst patients on RRT and may affect survival differently depending on the modality of RRT. Differences in survival rates between patients on different modalities of RRT and differences in survival rates between different renal units, cannot therefore be fully understood unless data on comorbidity are collected and analysed.
Methods
Clinical staff in each renal unit are responsible for recording (in yes/no format), on their renal unit IT system, the presence or absence of 14 comorbid conditions and on current tobacco smoking (Table 6 .1) in each patient starting RRT.
Definitions of each of these conditions are given in web Appendix B Definitions, Statistical Methodology and Analysis Criteria (www.renalreg.org). Analyses are restricted to incident patients. Many other national Registries only collect data on patients who have survived the first 90 days of RRT and for the purposes of comparisons with their results, some analyses are restricted to patients surviving the first 90 days of RRT. Complete data on comorbidity for a given patient is considered to have been provided if there is at least one yes/no answer to one of the 14 questions. For some analyses, comorbidities have been collapsed into broader categories.
'Ischaemic heart disease' is defined as the presence of a 'yes' to a history either of angina; MI in past 3 months; MI >3 months; or coronary artery bypass grafting (CABG)/angioplasty (or more than one of these). 'Peripheral vascular disease' is defined as the presence of a 'yes' to a history either of claudication; ischaemic or neuropathic ulcers; non-coronary angioplasty, vascular graft or aneurysm; or amputation for peripheral vascular disease. 'Vascular disease' is defined as the presence of cerebrovascular disease or any of the data items that comprise 'peripheral vascular disease'.
Data on completeness of co-morbidity returns from each renal unit may differ from those in previous reports because some renal units have provided additional data on comorbidity of previous years' incident cohorts since original submission.
(Since 2004, the presence or absence of a clinical diagnosis of heart failure was also recordable. However, very few renal units are able to collect or submit this data item and it is not included in any of the analyses reported here).
Results
Completeness of comorbidity returns from each participating renal unit Table 6 .2 shows that completeness of data returns still varies markedly from renal unit to renal unit with some units continuing to provide data on 100% of patients and others providing no data. There is no relationship between the size of the renal unit and the completeness of data returns. After excluding renal units that returned no data at all, the average completeness of data returns from units ranged from 1% to 100% (mean 63.6%) for 2005, a moderate improvement on a mean of 48.1% in 2000. Amongst all incident patients, data on comorbidity was available on 39% of patients starting in 2000 and on only 43% in 2005 (Table 6.3 ).
An analysis of completeness of data returns by the type of renal unit IT system showed no pattern other than very high returns from all centres using the Mediqal system (nine centres: completeness 93.3-100%). As stated above, a return was considered to be 'complete' if there was at least one answer to the 14 questions on the comorbidity screen. However, most records that contained at least one answer contained answers to most or all of the other questions; in 2005, of entries that contained at least one entry on comorbidity, 1.34% contained 11 answers, 1.21% contained 12 answers, 7.28% contained 13 answers and 89.95% contained answers to all 14 questions. Table 6 .4 gives the frequency of each comorbidity (as a proportion of the total number of incident patients for whom data was available for that item) for patients aged <65 years and !65 years as well as the total frequency of each comorbidity in the incident population.
Frequency of each comorbidity condition
The denominator for each percentage reported is the number of patients for whom a yes/no answer was provided for that comorbidity.
Frequency of multiple comorbidity
Just under 50% of patients for whom comorbidity data were available starting RRT in 2000-2005 were reported as having no comorbidity present. More than one comorbidity was reported as present in 27% (Table 6 .5).
Frequency of comorbidity by age band
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Frequency of comorbidity amongst patients with diabetes
Diabetes was recorded as the primary renal disease in 20.2% of all patients starting RRT 2000-2005. Table 6 .6 compares comorbidity amongst patients with diabetes and patients without diabetes (as cause or comorbidity), showing higher rates of ischaemic heart disease, cerebrovascular disease and peripheral vascular disease amongst diabetic patients.
Age and comorbidity in patients starting haemodialysis compared with those starting PD Figure 6 .3 illustrates the younger age profile of patients being treated with PD 90 days after the start of RRT, compared with those starting HD. The median age of patients on PD at day 90 was 58.3 years, compared with 66.9 years for those on HD (P < 0.001, Kruskal-Wallis). Table 6 .7 compares the prevalence of each comorbidity in patients on HD and PD at day 0 of starting RRT, showing significantly higher prevalence (at a higher age) amongst HD of all comorbid conditions other than MI more than 3 months ago, CABG, smoking and non-coronary angioplasty. These data probably reflect a perception amongst UK nephrologists, nurses and their patients, that PD is in general more suitable for younger and fitter patients.
The percentages are out of the total population of patients on that modality at 90 days, with data for that comorbidity.
Frequency of comorbidity by ethnic origin
For Registry returns, data on ethnic origin was retrieved from fields within renal unit IT systems that were completed by physicians or nurses. These were show that the lower prevalence of comorbidity amongst patients of black or Asian origin is not attributable to younger age amongst these groups, as the prevalence of comorbidity is lower even in the 18-34 year age group than in the white population. common in the white population and ischaemic heart disease and peripheral vascular disease less common in the black population. Table 6 .9 gives details of the age structure of each major ethnic group at the start of RRT. Figure 6 .8 illustrates the lower prevalence of diabetes amongst 'white' patients starting RRT compared with that in other ethnic groups.
Renal function at the time of starting RRT and comorbidity
Using the abbreviated four variable MDRD calculation, the eGFR of patients starting RRT was calculated and is shown in Table 6 .10. Data from patients with no available creatinine measurement within 14 days before the start of RRT were not used. Patients with an eGFR >20 ml/min/1.73 m 2 were excluded from analysis (n ¼ 553). Data from one centre (Hammersmith and Charing Cross) were excluded from analysis because of errors in the data extraction process of this item (n ¼ 568), leaving 14 462 patients included in the analysis.
The log of the eGFR was taken to normalize the data and two-sample t-tests were used to compare the means of the log (eGFR) of those patients with the specific comorbidity against those with none of the comorbidities present. As many tests were being carried out, only a P-value <0.01 was considered statistically significant. This should not imply that these differences imply a clinical significance as they may be only small variations.
The (geometric) mean eGFR prior to starting RRT in patients who are recorded as starting without any comorbidity present is 7.1 ml/min/1.73 m 2 . Patients starting with different comorbidities were compared against this value.
In each case, eGFR appears to have been slightly higher amongst patients with comorbidity compared with patients without comorbidity, suggesting that patients with more comorbidity tend to be advised to start dialysis earlier than those without comorbidity. If trying to compare patient survival between these groups, then the potential of an 'earlier start' may need to be adjusted for in the analyses.
Haemoglobin concentration at the time of starting RRT and comorbidity
The mean haemoglobin prior to starting RRT in patients who are recorded as starting without any comorbidity present is 10.1g/dl, with 52% of patients achieving a haemoglobin >10g/dl. Patients starting with different comorbidities were compared against this value (Table 6 .11). Haemoglobin concentrations at the start of RRT were slightly higher amongst patients with ischaemic heart disease than in those without, and lower amongst those with liver disease or malignancy. In addition to the direct influence of comorbidity, erythropoietin (EPO) prescribing patterns and late referral of patients will have an influence on these data.
Comorbidity and subsequent kidney transplantation
This analysis was confined to incident patients in each of the years 2000-2005 from centres that had returned !80% complete data for comorbidity in that year (Table 6. 2). Table 6 .12 shows that patients who underwent transplantation had less comorbidity at the start of RRT than those who died or did not receive a transplant. Figure 6 .9 gives the age distribution of those who had received a transplant by the end of 2005 compared with those who remained un-transplanted. Over the age of 65 years, the majority of incident patients are unlikely to undergo kidney transplantation, and this is very rare in patients starting RRT over the age of 75 years. Comparisons were performed using the chi-square test. 
Comorbidity and subsequent survival-Introduction
These analyses were performed on patients starting RRT between 1 January 2000 and 30 September 2005, to allow at least 3 months follow-up from the start of RRT. The 1 year after 90 days analyses only include patients who survived at least 90 days on RRT. The death rate is high in the first 90 days and highly variable between centres, due for instance to variation in policies on inclusion of patients with acute kidney injury requiring dialysis. Use of this '90 day rule' also allows direct comparison of survival statistics with those from other national registries.
The effect within each renal unit of adjusting overall survival for comorbidity can be found in Chapter 12.
Comorbidity and survival within 90 days of commencing RRT
The Registry collects data on all patients with a 'timeline' entry that have started RRT for ERF. Patients who present acutely, and who are initially classified as acute renal failure requiring dialysis, but continue to require long-term dialysis can be re-classified as having had ERF from the date of their first RRT. (Most other national registries only start the collection of data at 90 days after the first RRT.) This allows the UK Registry, unlike other registries, to collect data on factors affecting outcomes including survival, in the first 90 days of RRT.
The univariate model (Table 6 .13), does not allow adjustment for age, so patients were first stratified by age group (<65 years and !65 years) to make some account for the increasing incidence of comorbidity with age which would otherwise obscure the analysis.
On univariate analysis stratified for age, most comorbidities were associated with an increased risk of death both amongst patients aged <65 years and those aged !65 years. However, there was no increased risk of death associated with diabetes mellitus as a comorbidity in the absence of diabetes as a cause of primary renal disease; and smoking was not associated with an increased risk of death (Table 6 .13). Some comorbidities may appear not to be associated with an increased risk of death because of low numbers-for instance, liver disease in persons aged !65 years. The observation that the risk of death amongst those !65 years is not greater in the presence of ischaemic heart disease may be due either to competing risks or to negative selection caused by clinicians or patients opting not to start RRT in the presence of severe ischaemic heart disease. Of special interest in this univariate survival analysis was that diabetes was not associated with an increased risk of death amongst patients aged !65 years, possibly due to its close association with other comorbidities in this age group.
On multivariate analysis using the stepwise Cox proportional hazards model, age and six of the comorbid conditions were identified as significant independent predictors of the risk of death (Table 6 .14). Diabetes did not emerge as an independent predictor, probably due to the close association between diabetes and ischaemic heart disease, cerebrovascular disease and peripheral vascular disease.
There were 9047 patients included in the analysis. Variables included in the model included: age per 10 years, angina, MI <3 months ago, MI >3 months ago, CABG or coronary angioplasty, cerebrovascular disease, diabetes (whether as a cause of primary renal disease or as a comorbidity), chronic obstructive pulmonary disease, liver disease, malignancy, claudication, ischaemic/neuropathic ulcers, angioplasty/vascular graft, amputation and smoking.
Comorbidity and survival 1 year after 90 days of commencing RRT
In all analyses, patients starting RRT are only included if they survived at least 90 days on RRT. The death rate is high in the first 90 days, and highly variable between centres, due for instance to variation in policies on inclusion of patients with acute kidney injury requiring dialysis. Use of this '90 day rule' also allows direct comparison of survival statistics with those from other national registries.
On univariate analysis (Table 6 .15) stratified for age, most comorbidities were associated with an increased risk of death both in patients starting RRT aged <65 years and in those !65 years. Diabetes as a primary cause of renal failure was not associated with an increased risk of death amongst patients over 65 years, possibly due to its close association with other comorbidities in this age group. COPD was not associated with an increased risk of death in patients aged <65 years.
On multivariate analysis using the stepwise Cox proportional hazards model, eight variables were identified as independent predictors of death (Table 6 .16). Recent MI was no longer significantly associated with an increased risk of death, possibly because the prognostic importance of this marker is time-dependent, and so would not be any more powerful a predictor than other markers of atherosclerotic vascular disease a year later. Diabetes was a powerful predictor of increased risk of death after the first 90 days. There were 6535 patients included in the analysis. Variables in the model included: age per 10 years, angina, MT <3 months ago, MI >3 months ago, CABG or coronary angioplasty, cerebrovascular disease, diabetes (whether as a cause of primary renal disease or as a comorbidity), chronic obstructive pulmonary disease, liver disease, malignancy, claudication, ischaemic/neuropathic ulcers, angioplasty/vascular graft, amputation and smoking.
Discussion
These analyses demonstrate that comorbidity is common amongst UK patients starting RRT, with over 50% of all patients having some recorded comorbidity (using data from centres with >80% returns). Reporting of the presence or absence of these simple markers of comorbidity to the Registry is still poor in many centres, although this situation is gradually improving. Unlike many data items recorded in renal unit IT systems, the recording of the presence or absence of comorbidity is probably not required for the routine day-to-day care of these patients. It is anticipated, however, that the introduction of a system of tariff-based payment by results in England might act to encourage clinicians to improve the systematic recording of comorbidity. The Registry is also exploring the possibility of linking to the Hospital Episode Statistics data set within the Secondary Users Service, which would allow data to be obtained on hospital discharge codes, very much along the lines of the approach used by the United States Renal Data System. These and other previously published analyses using a variety of comorbidity scores also demonstrate that comorbidity is a powerful predictor of survival in patients on RRT. The publication of de-anonymized survival statistics for each renal unit in this year's report should also provide a stimulus to renal unit Directors to ensure that they collect and report complete data on comorbidity. 
